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(54) Method for producing water dispersible sterol formulations 

(57) A method for preparing p-sitosterol, oryzanol, 
esters of both of these compounds and related com- 
pounds are disclosed which provides the sterol in a 
readily consumable form. The method includes the 
spray drying of the p-sitosterol in a mixed micelle formu- 
lation. The product is provided in a convenient form that 
can be provided to food or drinks or incorporated into 
solid and suspension dosage forms. 
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Descripti n 

BACKGROUND OF THE INVENTION 

5 (0001 ] The present inv ntion relates to a method of producing spray dried aqueous-dispersible ster I formulations, in 
particular a method for producing dispersible p-sitosterol via a spray drying process. 

[0002] As disclosed in U.S. Patent Nos. 5,502,045, 5,578,334 and 5,244,877, it is known that consumption of p-sito- 
sterol is known to reduce cholesterol levels in the Wood stream. Presently, p-sitosterol is incorporated in foods as an 
ingredient of the food while it is being prepared. While this is effective in producing foods with beneficial effects, the con- 

10 sumer is limited to those foods in which the manufacturers have decided to incorporate the p-sitosterol. 

[0003] It would be highly desirable to provide p-sitosterol in a convenient ready to consume form in which consumers 
could apply to food just prior to eating. A particularly convenient form would be a single serving packet of p-sitosterol 
similar to those that are currently available for artificial sweeteners. The difficulty in providing p-sitosterol in this form is 
that it is difficult to separate the active ingredient from other sterols, namely stigmasterol, campesterol and the like. 

is [0004] Attempts at solving this problem are disclosed in US Patent 3,881 ,005 and US 4,1 95,084 in which water dis- 
persible sitosterols are formed by mixing with an excipient and a suitable surfactant. While this disclosure produces a 
water dispersible sitosterol, it would be highly advantageous to improve the water dispersfoiiity of the p-sitosterol, since 
this is believed to be the more effective form as a cholesterol lowering agent. 

20 SUMMARY OF THE INVENTION 

[0005] A primary object of the present invention is to provide a method for preparing a stable spray dried powder 
matrix that has self-emulsifying character upon addition to aqueous media. The process embodied in this invention 
involves: incorporating p-sitosterol into an aqueous suspension by use of a mixed surfactant system comprising a 
25 monofunctional and a polyfunctional surfactant; and drying the sterol suspension thereby providing a water-dispersible 
p-sitosterol; wherein the above process is performed in the absence of deaeration and homogenization steps. 

DETAILED DESCRIPTION OF THE INVENTION 

30 [0006] p-sitosterols are typically derived from wood or agricultural sources, such as soy based mixtures. In addition 
to p-sitosterol, as used throughout this application, p-sitosterol is also understood to include the esters of p-sitosterols, 
as well as stanol and stanol ester derivatives which are the reduced derivatives of the sterols. These derivatives are well 
known in the art and include patents US 5,244,887; US 5.502,045 and US 5,698,527. The p-sitosterols produced by 
the present invention are water dispersible. As used herein, water dispersible is understood to mean that when the p- 

35 sitosterol spray dried formulation is placed in water, at least 200 mg formula/ml water will disperse with mild agitation. 
Those with skill in the art will appreciate that ordinarily p-sitosterols are hydrophobic materials, and upon the addition 
of the p-sitosterol to water, the p-sitosterol will float on top of the water and will not become dispersed. 
[0007] The present invention is also applicable to another class of cholesterol-lowering compounds, orynzanol and 
its esters. These materials are also known in the art as well as the esters of the oryzanol compound, see for example, 

40 U.S. Patent No. 5,514,398, the contents hereby incorporated by reference and PCT WO 98/01519 published January 
15, 1998. The present invention also provides the oryzanol, esters of oryzanol and other related compounds in a more 
dispersible form. Although the remaining specification will refer to p-sitosterols, the present invention is equally applica- 
ble to said oryzanol and related compounds. 

[0008] In order to be most effective when ingested, the particle size of the p-sitosterol should be in the range of from 
45 1 0 to 40 microns. More preferably the particle size should from about 20 to 35 microns. Any grinding technique known 
in the art may be used to grind the p-sitosterol. Suitable methods include pulverizing, rotary hammermill, air milling and 
the like of which air milling is most preferred. Smaller particles sizes are preferred in that the resulting p-sitosterol prod- 
uct is more readily exposed to bile salts in the digestive tract. The handling properties of the smaller particle size prod- 
uct are less desirable, resulting in higher angle of rupture, higher angle of repose and compressfoility. The handling of 
so the water-dispersible p-sitosterol product can be improved with increased particle size; however, this is believed to be 
detrimental to the efficacy of the p-sitosterol in reducing serum cholesterol. 

[0009] In order to form the water dispersible p-sitosterols appropriate surfactants are required. The present invention 
employs a dual surfactant system. One surfactant in the system is monofunctional, while the second surfactant is poly- 
functional. The monofunctional surfactants tend to be more hydrophobic, whereas the polyfunctional surfactants tend 
55 to be hydrophilic. The two-surfactant system employed in this invention creates a mixed micelle system that resutts in 
the water-dispersible product. As used herein monofuncti nal is defined as the ability f the surfactant to bond to the p- 
srtosterol. The polyfunctional surfactant has the ability to bond to th p-sitosterol as well as to the other surfactant. 
[001 0] Us f ul surfactants in the practice of the present invention includ p lyglycer I esters, polysorbates, mono and 
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diglycerid s of fatty acids, propyl ne glycol esters, sucrose fatty acid esters and polyoxyethylene derivatives of sorbitan 
fatty acid esters. These surfactants ar well known in the art and are commercially available. 
[001 1 ] Suitabl polyglycerol esters include triglyceryl monostearate, hexaglyceryl distearate, hexaglyceryl monopali- 
mate, hexaglyceryl dipalmitate, decaglyceryf distearate, decaglyceryl monoleate, decaglyceryl dioleate, decaglycerpl 
5 monopalmitate, decaglycerol dipalmitate, decaglyceryl monostearate, octaglycer ! monoleate, octaglycerol monostea- 
rate and decaglycerol monocaprytat . 

[0012] Other useful surfactants include polysorbates made from the reaction product of monoglycerides or sorbitan 
esters with ethylene oxides. Examples of useful polysorbates include polyoxyethylene 20 mono- and diglycerides of sat- 
urated fatty acids, polyoxyethylene 4 sorbitan monostearate, polyoxyethylene 20 sorbitan tristearate, polyoxyethylene 
10 20 sorbitan monooleate, polyoxyethylene 5 sorbitan monooleate, polyoxyethylene 20, sorbitan trioleate, sorbitan mon- 
opalmitate, sorbitan monolaurate, propylene glycol monolaurate , glycerol monostearate , diglycerol monostearate, 
glycerol lactyl-palmrtate. 

[0013] Other suitable surfactants include, with HLB values provided in brackets, [ ], include decaglycerol monolau- 
rate[15.5]; decaglycerol distearate [10.5]; decaglycerol dioleate [10.5]; decaglycerol dipalmitate [11.0]; decaglycerol 

is monostearate [13.0]; decaglycerol monooleate [13.5); hexaglycerd monostearate [12.0]; hexaglycerol monooleate 
[10.5]; hexaglycerol monoshortening [12.0]; polyoxyethylene (20) sorbitan monolaurate [16.7]; polyoxyethylene (4) 
sorbitan monolaurate [13.3]; polyoxyethylene (20) sorbitan monopalmitate [15.6]; polyoxyethylene (20) sorbitan mono- 
stearate [14.9]; polyoxyethylene (20) sorbitan tristearate [10.5]; polyoxyethylene (20) sorbitan monooleate [15.0]; poly- 
oxyethylene (5) sorbitan monooleate [10.0]; polyoxyethylene (20) sorbitan trioleate [11.0]. As is appreciated by those 

20 with skill in the art, the HLB value for a surfactant is an expression of its Hydrophile-Lipophile balance, i.e., the balance 
of the size and strength of the hydrophilic (polar) and lipophilic (non-polar) groups of the surfactant. 
[001 4] Lactic acid derivatives include sodium stearoyl lactylate and calcium stearoyl lactylate. 
[001 5] The level of monofunctional surfactant is typically from about 1 to about 1 0 weight percent based upon the final 
dried weight of the p-sitosterol product, preferably from about 1 .5 to about 4, and most preferably about 2.0 to about 2.5 

25 weight percent. The level of polyfunction^ surfactant is typically from about 0.5 to about 1 0 weight percent based upon 
the final dried weight of the p-sitosterol product, preferably from about 2 to about 4, and most preferably about 2.0 to 
about 2.5 weight percent. TWEEN 40 is the preferred nonfunctional surfactant and SPAN 80 is the preferred polyfunc- 
tion^ surfactant. Suitable ratios of mofunctional / poiyfunctional surfactants which form the mixed micelle include from 
about 1 :6 to about 1 .5:1 , preferably from about 1 :4 to about 1 .3:1 , most preferably about 1 :1 ratio. The level of surfactant 

30 employed ranges from about 0.5 to about 8 percent by weight total surfactant system, preferably 1 to about 6, most pref- 
erably from about 3 to about 4 percent by weight. 

[0016] In a preferred embodiment, in addition to the surfactant, other excipients, taWeting aids etc. are added to the 
formulation as the suspension is formed, prior to the spray drying process. This conveniently incorporates tableting aids 
and other necessary ingredients thereby eliminating or reducing unit-manufacturing steps. If desired, ingredients can 

35 also be added to the p-sitosterol after spray drying. 

[001 7] For example, lubricants, glidants, carriers, sweeteners, disintegrants, preservatives and other ingredients may 
be added to the suspension in the amount of from about 5 to about 40 weight percent, typically from about 10 to about 
30 percent and most preferably to about 20 to about 25 percent. Suitable ingredients include binders are acacia muci- 
lage, starch mucilage pregelatinised starch, sodium alignate. hydroxypropylmethyl cellulose (HPMC), starch paste, pol- 

40 yvinylpyrrolidone, carboxymethylcellulose, dextrin, ethyl cellulose, polyethylene glycol, guar gum, zein, hydroxyethyl 
cellulose, hydroxypropyl cellulose, methyl cellulose, polymethacrylates, and carboxymethylcellulose. 
[0018] Disintegrating agents include microcystalline cellulose (e.g. Avicel R). sodium carboxymethyl cellulose (e.g. 
Nymcel R), modified cellulose gum (e.g. Ac-Di-Sol R), crosslinked providone, alginic acid and alginates, pregelatinised 
starch, sodium starch glycollate (e.g. Explotab R, Primojel R), modified corn starch (e.g. starch 1500R), starch (e.g. 

45 potato/maize starch), and ion exchange resin such as polacrin potassium (e.g. Amberlite IRP-88). 

[001 9] Examples of water-soluble fillers are: soluble lactose, compressible sugar, confectioners sugar, dextrose, man- 
nitol, sodium chloride, sorbitol, xylitol. Examples of water-insoluble fillers are: calcium carbonate, magnesium carbon- 
ate, calcium phosphate (e.g. di and tri basic calcium phosphate), calcium sulphate, kaolin, microcystalline cellulose, 
powdered cellulose, pregelatinized starch, barium sulphate, magnesium trisilcate, aluminum hydroxide. 

so [0020] Generally lubricants are used in as low an amount as possible. Examples of lubricants include: stearates (e.g. 
magnesium or calcium stearate), talc, polyethylene glycol, liquid paraffin, sodium lauryl sulphate, magnesium lauryl sul- 
phate, colloidal silicone dioxide, palmitostearate, stearic acid, zinc stearate, hydrogenated vegetable oil. 
[0021] Glidants including talc, starch, magnesium stearate, silica derivatives, such as colloidal silica (e.g. AEROSIL) 
pyrogenic silica, hydrated sodium silicoaluminate, colloidal silicon dioxide. 

55 [0022] Flavoring agents including orange, cherry, and strawberry, raspberry, grape and passion fruit. 

[0023] Sweetening agents, include for example, sodium saccharin, aspartame, confectioners sugar, sorbitol, xylitol 
and mixtures thereof. 

[002 '] The p-sitosterol and the other ingredients in the suspension should b uniformly mixed. Preferably the suspen- 
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sion is mixed by agitation, preferably thr ugh the use of a high-sp ed mixer. The particle size of the micell sinthesus- 
p nsion formed are fr m about 50 to about 400 microns, preferably from about 100 to about 300 microns and most 
preferably from about 1 50 to about 250 microns in size. The size of the micelles formed in the suspension may be meas- 
ured through the use of a Turbimeter. The greater turbidity, th larger the micelle formation. It is expected that great r 

5 turbidty, i.e., larger micelles provides a more effective form of the p-sitosterol for reducing cholesterol when consumed. 
Preferred turbidity levels are greater than about 2000, preferably greater than 2500 and most preferably greater than 
3000 Nepthialic Turbidity Units (NTU). As used herein turbidity is understood to be the same as defined by the United 
States Pharmacopeia, the light scattering effect of suspended particles and turbidity as the measure of the decrease in 
the incident beam intensity per unit length of a given suspension. The range of turbidty values is from 0 to 20,000 NTU. 

w As a point of reference the turbidity of water is zero. The turbidity of the samples was measured at room temperature. 
[0025] After the suspension with the proper particle size is formed the suspension is dried. Suitable drying methods 
include freeze drying, rotary, vacuum and spray drying, of which spray drying is preferred. The final moisture content of 
the dried p-sitosterol is preferably less than 1% by weight water. Lower moisture content generally provides improved 
flow characteristics. 

15 [0026] When spray drying the suspension, it is preferable that the inlet temperature is from about 1 00 to 1 20°C, pref- 
erably from about 1 05 to about 11 5° C and most preferably from 1 07 to about 1 1 2°C. The outlet temperature of the spray 
dryer is between about 65 and 85°C and most preferably from about 73 to about 80°C. 

[0027] The spray dried water-dispersfole p-sitosterol product is then recovered. The resulting water-dispersible p-sito- 
sterol is comprised of from greater than 50 percent by weight sterol, greater than 4 and preferable from about 5 to about 
20 1 o weight percent surfactant. In a highly preferred embodiment the p-sitosterol also includes about 5 percent starch and 
about 5 percent silicon dioxide. 

[0028] After the p-sitosterol is removed from the dryer it is packaged in any suitable size as may be required. The form 
in which the p-sitosterol is consumed varies depending on the preference of the consumer. Suitable forms include tab- 
lets, chewable dosages, in the preparation of food and beverages as well as applied to prepared beverages and food- 
25 stuffs. In a preferred embodiment the p-sitosterol may be packaged in single serving size packets containing from 
about 5 to about 50 grams per packet 

[0029] The present invention provides advantages over previous disclosures that provide water-dispersible p-sitoster- 
ols in that several costly and time consuming process steps are eliminated. Prior disclosures required both a homoge- 
nization and deaeration step in order to produce the water-dispersible p-sitosterol. The present invention provides the 
30 water-dispersible p-sitosterol through the use of the selection of advantageous combinations of surfactants. The inven- 
tion will now be illustrated by, but is not intended to be limited to, the following examples. In the examples the starch was 
ground to a particle size of approximately 10 microns. In these examples it is understood that unless noted otherwise, 
all parts are weight percent. 

The following raw materials are available from the following suppliers. 

35 

GAB O SIL colloidal silicon dioxide, Degussa Corp. 
AEROSIL A200 colloidal silicon dioxide, Cabot Corp. 

EM Compress dibasic calcium phosphate dihydrate, Edward Mendall Compress Co., Inc. 

M100 maltrodextrin (dextrose equivalent of about 10) Grain Process Corp. 
40 Pluronic L-44 a polyethylene-propylene glycol copolymer, BASF Corp. 

SPAN 80 sorbitan monooleate, ICI Americas, Inc. 

Starch: Starch NF-, National Starch and Chemicals Inc. 

Sterols: Generol 122N available from Henkel Company, Ambler, PA. 

TWEEN 40 polyoxy ethylene 20 sorbitan monopatmttate, ICI Americas Inc. 
45 TWEEN 60 polyoxyethylene 20 sorbitan monostearate, ICI Americas Inc. 

EXAMPLE 1: 

[0030] This example discloses a formulation for spray dried material containing approx. 75% sterols (based on dry 
so weight). Any polyoxyethylene sorbitan fatty acid ester can be incorporated in the place of TWEEN 60. 



Component: 


Amount (gm): 


TWEEN 60 

Maltodextrin • Maltrin M100 


30 
240 
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(continued) 



Component: 


Amount (gm): 


Aerosil A200 


22 


Starch NF 


75 


Phytosterols 


1,120 


Water 


10,000 



10 

[0031 ] The sample is prepared as follows: the TWEEN 60 and 500 gm water of water was added and the mixture was 
stirred on a hot plate set at 60°C until uniform. The solution was transferred into a larger container, rinsing with water. 
An additional remaining 9,500gm of water was added. The starch, Maltrin M100, Aerosil 200 and the sterols were 
weighed out and added to the solution. The resulting solution was mixed with high shear mixer for approximately 1 hour. 
is The suspension was spray dried immediately afterwards. 

[0032] The turbidity of 100 mg of the resulting spray dry powder in 25 ml of water was approximately 300 NTU. 

EXAMPLE 2: 

The following example outlines a spray dry formulation containing approx. 75% sterols (based on dry weight). 

20 

[0033] 



Component: 


Amount (gm): 


Docusate Sodium 


40 


Maltodextrin - Maltrin M100 


240 


Aerosil A200 


22 


Starch NF 


75 


Phytosterols 


1,120 


Water 


10,000 



[0034] The sample is prepared as follows: the docusate sodium was weighed into a beaker, 500 gm water of water 
was added and the mixture was stirred on a hot plate set at 60°C until uniform. The solution was transferred into a larger 
container, rinsing with water. An additional remaining 9,500 gm of water was added. The starch, Maltrin M100, Aerosil 
40 200 and the sterols were weighed out and added to the solution. The resulting solution was mixed with high shear mixer 
for approximately 1 hour. The suspension was spray dried immecfiately afterwards. 

[0035] The turbidity of the 1 00 mg of the resulting spray dried powder in 25 ml of water was approximately 2400 NTU. 
EXAMPLE 3: 

45 

[0036] The following example outlines a spray dry formulation containing approx. 75% sterols (based on dry weight). 
Any pdoxamer can be incorporated in place of Pluronic L-44. 



so 



Component: 


Amount (gm): 


Pluronic L-44 


80 


Maltodextrin • Maltrin M100 


240 


Aerosil A200 


22 


Starch NF 


75 



5 
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(continued) 



Component: 


Amount (gm): 


Phylosterols 
Water 


1.120 
10,000 



[0037] The sample is prepared as follows: the Pluronic L-44 was weighed into a beaker, 500gm water of water was 
added and the mixture was stirred on a hot plate set at 60°C until uniform. The solution was transferred into a larger 
w container, rinsing with water. An additional remaining 9,500gm of water was added. The starch, Maitrin M100, Aerosil 
200 and the sterols were weighed out and added to the solution. The resulting solution was mixed with high shear mixer 
for approximately 1 hour. The suspension was spray dried immediately afterwards. 

[0038] The Turbidity of the 1 00 mg of the resulting spray dried powder in 25 ml of water was approximately 2600 NTU. 
is EXAMPLE 4: 
[0039] 



20 





Component: 


Amount (gm): 




TWEEN 40 


40 




SPAN 80 


40 


25 


Maltodextrin - Maitrin M100 


240 




Aerosil A200 


22 




Starch NF 


75 


30 


Phytosterols 


1,120 




Water 


10,000 



[0040] The sample was prepared as follows: the Tween and Span were weighed into a beaker, 500gm water of water 
35 was added and the mixture was stirred on a hot plate set at 60°C until uniform . The solution was transferred into a larger 
container, rinsing with water. An additional remaining 9,500gm of water was added. The starch, Maitrin M100. Aerosil 
200 and the sterols were weighed out and added to the solution. The resulting solution was mixed with high shear mixer 
for approximately 1 hour. The suspension was spray dried immediately afterwards. 

[0041] The turbidity of the 100 mg of the resulting spray dried powder in 25 ml of water was approximately 3500 NTU. 

40 

EXAMPLE 5 

[0042] Three separate spray-drying experiments were conducted using 3 different phytoactive compounds. The phy- 
toactive compounds were: p-sitisterol, p-sitostanol and oryzanol A. The remaining formulation including the phytoactive 
45 compounds included: 



55 



COMPONENT 


FORMULA % DRY 
BASIS 


FORMULA % WET 
BASIS 


TWEEN 40 


1.98 


0.34 


SPAN 80 


1.98 


0.34 


Maltodextrin (MALTRIN M100) 


15.82 


2.74 


AEROSIL 200 


1.45 


0.25 


Starch N.F. 


4.94 


0.86 
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(continued) 



rnMPONFMT 


FORM! 1! A 9L DRY 

BASIS 


FORM I II A 9L WFT 
rwruviuL^ a vvci 

BASIS 


Phytoactive compound 


73.83 


12.81 


Purified water 


Not applicable 


82.65 


Dry Basis Total 


100.0 


Not applicable 


Wet Basis Total 


Not applicable 


100.00 



[0043] The turbidity of 1 00 mg of the resulting spray dried powders in 25 ml of water was as follows: 



15 



Phytoactive Compound 


Turbidity 


p-sitosterol 
p-sitostanol 
y-Oryzanol 


3155 NTU 
4260 NTU 
2063 NTU 



ESAMPLE 6 

25 [0044] Spray dried material prepared according to the method described in example 5 was combined with inactive 
ingredients to produce tablets according to the formula and process described below: 



Material 


Quantity (mg/tablet) 


Stanol-74 SD granule (73.83% active) 


677.2 


Stearic Add 


4.4 


Croscarmelose Sodium 


30.8 


Colloidal Silicon Dioxide 


10.5 


Microcrystalline Cellulose 


40.0 


Tablet weight 


762.9 



a. All ingredients were combined in a plastic bag, and blended for 5 minutes. 
45 b. The blend was compressed into tablets using a Carver press at 900 pounds force (approximately 4032 Newtons) 
for 3 seconds using caplet shaped tooling 750 X 350X 60 X 0.005 land tooling (measurements in thousanths of an 
inch) (or approximately 1.9 x .89 x 0.13 centimeters). Tablets were compressed to the following targets: 
Average Weight (mg) : 763 
Thickness (mm): 6.36 

50 

Test Results: 
[0045] 

55 Hardness (average): 1 1 kp 

Disintegration* time: 20 minutes 

' Apparatus: USP 23 <701 > p. 1791 with 900 mfllilrters of deionized water at 37°C. 
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Claims 

1. A process for preparing water-dispersible p-sitosterol or oryzanol comprising: 

a) providing an aqueous stream; 

b) admixing to the aqueous stream an effective amount of a monofunctionai surfactant and a polyfunctional 
surfactant to form a water surfactant mixture; 

c) admixing p-sitosterol or oryzanol to the water surfactant mixture to form a p-sitosterol or oryzanol suspen- 
sion; 

d) drying the p-sitosterol or oryzanol suspension to recover a water-dispersible p-sitosterol or oryzanol; 
wherein the above process is performed in the absence of deaeration and homogenization steps. 

2. The process of claim 1 wherein the monofunctionai surfactant is polyoxyethylene sorbitan monopalmitate and the 
polyfunctional surfactant is sorbitan monooleate. 

3. The process of claim 1 or claim 2 wherein the p-sitosterol or oryzanol suspension has a turbidity of greater than 
2000 NTU. 

4. The process of any one of claims 1 to 3 wherein the monofunctionai surfactant is used from 1 to 10 weight percent 
and the polyfunctional surfactant is used from 0.5 to 10 weight percent. 

5. The process of claim 4 wherein the monofunctionai surfactant is used from 2 to 2.5 weight percent and the poly- 
functional surfactant is used from 2 to 2.5 weight percent. 

6. The process of claim 4 or claim 5 wherein the weight ratio of the monofunctionai surfactant to the polyfunctional 
surfactant is about 1:1. 

7. The process of any one of claims 1 to 6 wherein the p-sitosterol or oryzanol suspension is formed through the use 
of a high-speed mixer. 

8. The process of claim 7 wherein the p-sitosterol or oryzanol is ground prior to the formation of the p-sitosterol or 
oryzanol suspension. 

9. The water-dispersible p-sitosterol or oryzanol produced by the process of any one of claims 1 to 8 provided in a 
single serving container providing from 5 to 50 grams of water-dispersible p-sitosterol or oryzanol. 

10. A tablet comprising the water-dispersible p-sitosterol or oryzanol produced by the process of any one of claims 1 
to 8. 
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